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Abstract 
This paper investigates fundamental problems in image segmentation using traditional segmentation techniques and proposed an 
improved technique for segmenting images captured under natural environment.  Image segmentation refers to a process of partitioning a 
digital image into multiple regions with the aim to extracts object of interest from the background.    However, the segmentation process 
is very challenging especially for experiment which conducted in outdoor environment.  It is difficult to produce a significant threshold 
value which required for segmenting images due to non uniform illumination and difference of reflection.   Different illuminations may 
produce different colour intensity of the object surface and thus lead to inaccurate segmented images.  The widely used traditional 
thresholding and clustering segmentation techniques are Otsu and Fuzzy c-means (FCM), respectively.  Both traditional methods were 
unable to produce good quality segmented areas due to the complex background and non-uniform illumination of images captured under 
natural environment.  Therefore, this paper proposed an improved thresholding-based segmentation integrated with an inverse technique 
(TsTN) that was able to partition natural images correctly. The three segmentation techniques were implemented on fruit images and their 
performance was evaluated based on the ground truth.  The segmentation techniques performance was compared quantitatively using 
evaluation method, Rand Index (RI).   The analysis results showed that TsTN has the ability to produce good quality segmented images.  
Furthermore, this segmentation technique was proven to be more accurate than the traditional thresholding and clustering techniques. 
© 2012 The Authors. Published by Elsevier Ltd. Selection and/or peer-review under responsibility of the Centre of 
Humanoid Robots and Bio-Sensor (HuRoBs), Faculty of Mechanical Engineering, Universiti Teknologi MARA. 
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1. Introduction 
Image segmentation is a process of dividing an image into distinct regions with the aim to extracts object of interest from 
the background.  This process is a crucial stage in the image analysis where the result in this stage influences the 
performance of the entire process [1, 2].  Segmenting the selected region ensured that only the object of interest was 
processed during the colour analysis phase.  A false segmentation will cause degradation of the object measurement and 
classification processes.   
Technology advancement on the image segmentation technique has experienced tremendous growth both in theory and 
application.  Image segmentation technique was widely used in pattern recognition and image classification in many areas 
such as agricultural [1, 3], medical [4, 5], and forensic [6, 7].  Many researchers reported that the segmentation is the one of 
most critical phase for image processing because the quality of segmented images influenced the results of the remaining 
processes.  However, the segmentation process has become a challenging issue because of the complex background and 
changeable illumination on the images.  Low quality of segmented images may lead to inaccurate and unsuccessful 
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outcomes.  Segmentation can be accomplished by different techniques such as thresholding-based [8, 9], edge-based [10, 
11], region-based [12] and clustering technique.  Among the segmentation techniques, thresholding and clustering approach 
are the most used method for segmenting images.   
Thresholding-based segmentation technique has received extensive interest from researchers for many years.  This 
technique is simple but effective for segmentation of images where it subdivides an image into meaningful non-overlapping 
regions or classes based on gray levels of images.  The grayscale image was used because it allows further exploitation on 
the image in an efficient and easy approach where it can consistently partition the image into two classes.  The thresholding 
technique classifies each of image pixels into two classes which correspond to object class and background class.   
One of the thresholding-based techniques that was widely used is Otsu method [13].  This method works on gray scale 
image and selects an optimal threshold value automatically from a gray level histogram.  The optimal threshold value was 
selected by maximing the between-class variance or minimizing the within-class variance.  Otsu method was extensively 
adapted because of several reasons.  First, it is simple and has the ability to process the gray level images directly.  Second, 
it is able to work with a global threshold values due to its low sensitivity to dark areas [14].  Finally, the method covers a 
wide scope of unsupervised decision procedure where it does not require training images in order to get prior knowledge 
about the histogram shape [15].     
However, this method has few disadvantages.  One of the drawbacks is that the method was inefficient in determining 
the optimal threshold value due the fact that it involves a large number of repetitious computations of the zero and first 
order cumulative moments of the gray level histogram.  This process requires high computational time especially for images 
that were classified into a large number of classes.  Furthermore, the usage of Otsu technique alone in the application was 
not enough to produce accurate segmentation result especially for images under uneven lighting condition [16].   
Recent years, variety of extended segmentation techniques has been explored in the literature including clustering 
techniques. A clustering technique is an unsupervised classification of objects into meaningful groups or clusters based on 
their similarity [17].  This process is done by identifying the structure of a given data sets without prior knowledge about the 
distribution of the data.  There are two types of clustering techniques: crisp (hard) and fuzzy techniques.   For crisp 
clustering, the data item is added to only one cluster and membership value is only one or zero.  The crisp is better for 
separating data into mutually exclusive clusters where each objects belong to only one cluster.  However, in many real 
cases, data tend to belong to more than one cluster.  Therefore, fuzzy clustering technique provides a better solution because 
it allows data object to be assigned partially to all clusters with different membership values ranging from zero to one.  The 
fuzzy technique offers flexibility in clustering effort and also able to handle outliers.   
One of the well-known fuzzy clustering techniques is fuzzy c-means (FCM) [18].  This technique was also proved to be 
a better technique than hard clustering [19].  Generally, FCM calculates fuzzy partition matrix to classify data into c clusters 
(c represents number of clusters).  The method of assigning cluster is suitable for the study of images under natural light 
which must consider the element of vagueness and uncertainness.  FCM permits data to be assigned to one or more clusters 
with different membership values and it is still stable even though with the existence of overlapping clusters. In addition, 
this technique is efficient, straightforward and easy to implement [20].  However, this technique was not extensively applied 
in classifying images captured under natural environment. This is because FCM is sensitive to the variation of colours on 
the objects surface due to the existence of sunlight illumination.  In addition, this technique required more computational 
time to process larger image.   
Therefore, a modification to the existing segmentation method was required to extract quality segmented images from 
the background. The above weaknesses were solved by an improved thresholding-based technique which included an 
inverse technique (TsTN).  This research was conducted to evaluate the performance of Otsu, FCM and TsTN.  In the 
experiment, it was observed that segmentation of natural images is challenging when using Otsu and FCM methods.  Both 
Otsu and FCM methods do not have the ability to process images under direct illumination and images that are too dark.  In 
order to address these limitations and improve the segmentation process, a better segmentation technique was required to 
segment the in the area of interest perfectly and correctly.  The improved segmentation technique was designed based on the 
thresholding-based method and it was able to segment images which captured under natural environment accurately. 
The rest of this paper is organized as follows:  Section 2 discusses on the traditional and proposed segmentation methods 
and Section 3 explains the methodology used in this study.  Section 4 focuses on the comparison of three different 
segmentation techniques and result obtained. Finally, concluding remarks and future directions are discussed in Section 5. 
2. Segmentation Algorithms 
2.1. Thresholding-based segmentation technique 
In this study, Otsu method was added to calculate threshold value automatically, and thus enable researchers to extract 
objects of interest from its background.  This histogram-based method divided the gray level of an image into two classes.  
The gray level is composed of different shades of gray varying from black at the weakest intensity to white at the strongest 
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intensity which range from 0 to 255.  The two classes are area of interest and background.  In this case, the area with 
different gray levels (first peak) was considered as an area of interest, whereas area with the same gray-level (residual 
peaks) was assigned as background.  The optimal threshold value on the image was selected when the variance between the 
two classes was maximum, which gives the best separation of classes in gray level. 
The threshold values were then used to isolate the interest area from its background by converting the grayscale images 
into binary images.  The binary images consist of black and white pixels where pixels with gray level bigger than the 
threshold values were set to white and all the remaining pixels were set to black.  The produced binary images were 
segmented images where ‘1’ (white) and ‘0’ (black) representing object of interest and background, respectively.  However, 
it was observed that some images do not have the exact shapes to represent the investigated region because of the 
unsuitability of the automated calculated threshold values.  This showed that the existing Otsu method was unable to 
segment images in natural environment correctly.  Therefore, modification to the threshold values was required to extract 
the area of interest only. 
2.2.  Fuzzy c-means technique 
Fuzzy c-means (FCM) is a clustering-based segmentation technique that divides an image into a number of distinct 
clusters where each data element belongs to one or more clusters with different membership values.  FCM allows each data 
to be appointed to all clusters but in the different degree of  fuzzy membership values between 0 and 1.  The larger the 
membership values, the higher the confidence in assigning data to the particular cluster.   
Traditionally, FCM is fully unsupervised clustering technique which does not require any labeled data in order to 
identify the structure of the data set.  However, this technique has several weaknesses.  The first weakness was where this 
technique failed to produce meaningful results in the case of high dimensional data set  [21].   The second, FCM techinque 
was sensitive to the initial cluster centers where inaccurate initial centers may produce poor classification result [22].   
Hence, the FCM technique was executed with the initial cluster centers obtained from earlier stage. 
2.3. An improved thresholding-based segmentation technique for natural images (TsTN)  
In this section, an improved segmentation technique for images captured under natural environments was described.  The 
improvement to the segmentation technique was achieved by integrating modified threshold value algorithm with an 
inversion technique (TsTN). The flowchart of the improved technique is shown in Fig. 1.    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: Flowchart of the Improved Segmentation Technique (TsTN) 
 
Step 1 refers to the initializing an optimal global threshold value (T) using Otsu method.  The Otsu was applied on the 
image to obtain the initial value automatically and rapidly.  The initial value was calculated to acquire a set of disjoint 
regions that corresponds to interest object and background. This process was done to ensure that at least part of the object 
being investigated can be extracted.  Step 2 refers to the converting of the grayscale image into binary image based on the 
existing T.  The binary image represented the separable area between investigated object and background.  The 
transformation process from grayscale image into the binary image is defined in Eq. 1. 
 
Convert grayscale image into 
binary image  
Initialize threshold value (T) 
using Otsu method  
Modify threshold value (T2)  
Step 1 
Input image 
Segmented image based on T2 
Step 2 
Step 3 
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where g(x,y) and f(x,y) are pixel values of binary image and grayscale image, respectively. 
 
However, the global threshold value (T) produced by Otsu is insufficient to produce acceptable segmented images for 
some objects.  Therefore, in the improved algorithm, a modified global threshold value (T2) was introduced.  In order to 
generate the best value of T2, several improvements were made to the segmentation algorithm in Step 3.  First, the middle 
element of binary images produced must be examined to identify the pixel value.  If the pixel value point was not ‘1’, an 
inverse process was required to inverse each pixel in the image from value ‘1’ to ‘0’ and vice verse by executing Eq. 2.     
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where g(x,y) is pixel values of binary image. 
The inversion process was often needed for cases where investigated objects were darker than the background.  Due to 
the dark images that conceal the shape of the objects, the inversion operation was required so that the background appears 
black and the investigated image appears white. 
  The second improvement was the expansion of the segmented area by modifying T in order to obtain the best T2.  The 
modification to the threshold value was done based on Eq. 3. 
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where T2 is modified threshold value.  The current T2 is updated and the segmentation process is iterated until the best 
segmented image was achieved.  
3. Materials and Methods 
In order to evaluate the performance of Otsu, FCM and TsTN segmentation techniques, three main steps were carried out 
in this study.  The two steps are (a) image acquisition and (b) image pre-processing, and (c) image segmentation. 
3.1. Image acquisition 
In image acquisition step, a digital camera was used to capture images of jatropha fruit.  The fruit image was captured 
under natural environment in order to get realistic data.  The jatropha fruit was chosen because it has different surface 
colours indicating its maturity stages at different level.  For this study, four categories of jatropha fruit were chosen; green, 
yellow, yellowish brown and black.  All mages of the fruit on a tree were captured in a jatropha orchard at Universiti 
Teknologi Mara (UiTM), Perlis, Malaysia                                                                                                                     
3.2. Image pre-processing 
The RGB images were resized into 250 x 250 pixels in order to reduce the computational processing time and to have 
standard pixel intensity values for all images. 
3.3. Image segmentation 
Image segmentation refers to a process of partitioning a digital image into multiple segments or regions to simplify the 
representation of an image.  Segmenting the selected region ensured that only the object of interest was processed during the 
colour analysis phase.  In this study, a separation between jatropha fruit image and its background was performed by using 
three segmentation techniques; Otsu, FCM and TsTN. 
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4. Results and Discussions 
In this section, the performance evaluation for all the three segmentation techniques was demonstrated.  In order to 
verify the potential and limitation of each segmentation techniques comprehensively, a ground truth dataset was created and 
used as a benchmark for the evaluation.  In order to ensure the highest possible accuracy, the ground truth was created 
entirely by hand.  The ground truth image is a series of binary masks where pixels with value ‘1' denoted the object of 
interest and pixels with value ‘0’ denoted the background.  Samples of original images and their ground truths are presented 
in Fig. 2.  There are four categories were chosen to represent the natural object conducted in this study.  The categories are 
green, yellow, yellowish-brown and black.  
 
                                                
 
                             
Figure 2: Original Images and Correspond Ground Truth  
Initially, performance evaluation of the segmentation techniques was done manually based on human observations and 
perceptions to the ground truth.  Later, the ground truth dataset was used to evaluate the performances of the segmentation 
techniques quantitatively.    
4.1. Visual Evaluation 
The result in Table 1 shows the visual performance of the three segmentation techniques.  The table illustrates the 
manual segmentation (second column), segmented images by using Otsu (third column), segmented images by using FCM 
(fourth column) and segmented images by using TsTN (fifth column).   
Table 1. Comparison of Segmented Images 
Images Manual Segmentation Segmented Images by 
Otsu 
Segmented Images by 
FCM 
Segmented Images by 
TsTN 
1 
    
2 
    
3 
 
 
   
4 
    
 
It was observed that some of the binary images produced by Otsu do not have the exact shapes of the investigated area.  
In this experiment, three weaknesses of segmented binary images by Otsu were observed.  The first weakness was the 
investigated area merged with the background area.  The existence of the background area in often leads to the inaccuracy 
and misclassification of the image.  Sample of the images are shown by image 1 and 3.  For the second weakness, the 
selected interest area was smaller than the expected output as illustrated in image 2.  The small area was not sufficient for 
the subsequent image analysis because it often leads to wrong classification of the image.  The third weakness was where 
Original Images 
Manual segmentation 
Ground Truth 
Green Yellow Yellowish
brown 
Black 
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the dark images were segmented wrongly by Otsu method.  It was observed that the investigated area was reversely 
classified as the background area and vice versa.  This type of image was experienced by image 4.  Therefore, it can be 
claimed that the traditional thresholding-based segmentation technique was unable to segment the dark objects under natural 
environment correctly.   
The segmented images produced by FCM showed that this technique also has limitations in producing good images 
under natural environment.  However, in some cases, the images produced by FCM were better than the segmented images 
by Otsu where it removed the background image correctly as illustrated by image 1 and 3.  Other limitations of FCM were 
that this technique was too dependable on the initial value of cluster centers and was very sensitive to noise. These 
constraints were not suitable for classifying images of natural objects where it lead to poor result in further analysis stage.  
This is because the inaccuracy of initial cluster centers and the presence of direct illumination on the object surface 
produced ineffective segmentation results.   
Both Otsu and FCM techniques were unable to segment objects captured under natural environment well because of the 
illumination and the background factors.  In order to address these limitations and improve the segmentation process, a 
better segmentation technique was required to segment the area of interest correctly.   
The proposed technique extended the theory of thresholding with the integration of inverse technique and known as 
TsTN.   The improved segmented images produced by TsTN are shown in fifth column.   The results showed that TsTN has 
the ability to produce good quality of segmented images.  This technique was able to solve all the weaknesses occurred in 
segmented images produced by Otsu and FCM methods.  First achievement of TsTN was this technique has successfully 
reduced the presence of the background area in the images.  This achievement is shown by segmented results for images 1 
and 2.  The second achievement, TsTN was able to increase the investigated area.   The broadness of the area produced by 
this technique was sufficient for the next process as shown in image 3.  Finally, TsTN has the ability to solve the 
misclassified area between investigated object and background as presented by segmented image of image 4.  TsTN has 
successfully produced more accurate and better segmented images and therefore it can be concluded that TsTN is superior 
to the traditional treshosholding-based segmentation technique especially for dark images.   
4.2. Quantitative Evaluation using Rand Index (RI) 
The performance evaluation of different segmentation techniques in the previous section was measured visually based on 
human perception.  However, the evaluation based on visual observation is very subjective and argumentative.  Therefore, 
this section compared the performance of the different segmentation techniques quantitatively by using an evaluation 
method, Rand Index (RI).  This method calculates the performance by counting the fraction of pixels pairs whose labelling 
are consistent between test (S) and ground truth (S’) segmentations.  RI is given by the sum of the number of pixel pairs that 
have the same label in S and S’, divided by the total number pixel pairs.  The output value is ranging between 0 and 1 where 
the higher the RI value, the greater is the performance of the segmentation technique.  The result of RI values for segmented 
images in Table 1 produced by Otsu, FCM and TsTN techniques is shown in Table 2. 
Table 2:  Rand Index (RI) of Otsu, FCM and TsTN Techniques 
Images Otsu FCM TsTN 
1 0.7776 0.7350 0.8500 
2 0.8343 0.6746 0.8782 
3 0.3468 0.1827 0.8846 
4 0.0449 0.1574 0.8527 
 
The result shows that the RI values produced by TsTN for all images are the highest among other segmentation 
techniques.  This infers that the performance of TsTN is the best for segmenting images which captured under natural 
environment.    The good result in segmentation process increases the accuracy of objects classification. 
5. Conclusion 
Segmentation process on the natural images becomes challenging due to the non-uniform illumination and the complex 
background.  Using Otsu or FCM only was not sufficient to properly separate the interest area and background.  Although 
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thresholding-based segmentation is suitable for segmenting images from the background, a complementary technique is 
required to segment images captured under natural environment. Objects with bright surface area such as yellow and green 
tend to appear clearer under natural light illumination.  However, object with dark surface colour tends to blend with its 
shadow in the background.  Therefore additional techniques such as modified thresholding-based and inverse techniques 
must be applied. 
In this study, an improved segmentation technique which modified the threshold value and added the inverse technique 
(TsTN) was developed.  TsTN was able to increase the investigated area and therefore allowed better classification for poor 
captured images.  Several successful preliminary tests were performed on other fruit images under several illumination 
conditions such as in the dark and direct sunlight.  The ability of this new technique therefore has the potential to classify 
poor images with inconsistent illumination conditions.   
References 
[1]      X. P. B. Artizzu, A. Ribeiro, A. Tellaeche, G. Pajares, and C. F. Quintanilla, "Analysis of natural images processing 
for the extraction of agricultural elements," Image and Vision Computing, vol. 28, pp. 138-149, 2010. 
[2] F. Pedreschi, J. Leon, D. Mery, and P. Moyano, "Development of a computer vision system to measure the color of 
potato chips," Food Research International, vol. 39, pp. 1092-1098, 2006. 
[3] D. Unay and B. Gosselin, "Thresholding-based segmentation and apple grading by machine vision," 2005. 
[4] H. P. Ng, S. H. Ong, K. W. C. Foong, P. S. Goh, and W. L. Nowinski, "Medical image segmentation using K-means 
clustering and improved watershed algorithm," presented at IEEE Southwest Symposium on Image Analysis and 
Interpretation, 2006, 2006. 
[5] G.-z. Xu, Z.-f. Zhang, and Y.-d. Ma, "An image segmentation based method for iris feature extraction," The Journal 
of China Universities of Posts and Telecommunications, vol. 15, pp. 96-117, 2008. 
[6] M. Urschler, A. Bornik, E. Scheurer, K. Yen, H. Bischof, and D. Schmalstieg, "Forensic case analysis: From 3D 
imaging to interactive visualization," Graz University of Technology, Austria March, 2011 2011. 
[7] R. Wanat, "A problem of automatic segmentation of digital dental panaromic x-ray images for forensic human 
identification," presented at The 15th Central European Seminar on Computer Graphics (CESCG 2011), 2011. 
[8] D. Unay and B. Gosselin, "Automatic defect segmentation of 'Jonagold' apples on multi-spectral images: A 
comparative study," Journal of Postharvest Biology and Technology, vol. 42, pp. 271-279, 2006. 
[9] L. Dong, G. Yu, P. Ogunbona, and W. Li, "An efficient iterative algorithm for image thresholding," Pattern 
Recognition Letters of Elsevier, vol. 29, pp. 1311-1316, 2008. 
[10] M. Dow, Robert, and B. Lewis, "An edge based image segmentation method," presented at ISMRM 2004, 2004. 
[11] H. Zhang, E. F. Jason, and S. A. Goldman, "Image segmentation evaluation: A survey of unsuperived methods," 
Computer Vision and Image Understanding, vol. 110, pp. 260-280, 2008. 
[12] A. C. Sobieranski, D. D. Abdala, E. Comunello, and A. v. Wangenheim, "Learning a color distance metric for region-
based image segmentation," Pattern Recognition Letters of Elsevier, vol. 30, pp. 1496-1506, 2009. 
[13] N. Otsu, "A threshold selection method from gray-level histograms," IEEE Transactions on Systems, Man and 
Cybernetics, vol. 9, pp. 62-66, 1979. 
[14] U. G. Barron and F. Butler, "A comparison of seven thresholding techniques with the k-means clustering algorithm 
for measurement of bread-crumb features by digital image analysis," Journal of Food Engineering, vol. 74, pp. 268-
278, 2006. 
[15] J. W. Funck, Y. Zhong, D. A. Butler, C. C. Brunner, and J. B. Forrer, "Image segmentation algorithms applied to 
wood defect detection," Computers and Electronics in Agriculture, vol. 41, pp. 157-179, 2003. 
[16] Q. Huang, W. Gao, and W. Cai, "Thresholding technique with adaptive window selection for uneven lighting image," 
Pattern Recognition Letters of Elsevier, vol. 26, pp. 801-8j08, 2005. 
[17] A. K. Jain, M. N. Murty, and P. J. Flynn, "Data clustering: a review," ACM Computing Surveys, vol. 31, pp. 264-323, 
1999. 
[18] J. Liu and M. Xu, "Kernelized fuzzy attribute C-means clustering algorithm," Fuzzy Sets and Systems, vol. 159, pp. 
2428-2445, 2008. 
[19] A. B. Goktepe, S. Altun, and A. Sezer, "Soil clustering by fuzzy c-means algorithm," Advances in Engineering 
Software, vol. 36, pp. 691-698, 2005. 
[20] H. Izakian and A. Abraham, "Fuzzy c-means and fuzzy swarm for fuzzy clustering problem," Expert Systems with 
Applications, 2010. 
[21] C. Li, L. Liu, and W. Jiang, "Objective function of semi-supervised fuzzy c-means clustering algorithm," presented at 
The IEEE International Conference on Industrial Informatics (INDIN 2008), Daejeon, Korea, 2008. 
[22] K. Li, Z. Cao, L. Cao, and R. Zhao, "A novel semi-supervised fuzzy c-means clustering method," presented at 
Chinese Control and Decision Conference (CCDC 2009), 2009. 
